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ABSTRACT: 

.^c'^^^^k';^'^ "^^ ^° P^°^''^^ 3 method capable of advantageously and 

eas y obtaining a good end face of a welding part by adding devils to Ifte 
s arting form and the ending form of the operation of friction stir welding in 
providing a welding material by the friction stir welding. 

hi?h *f ^^^^^ ^""^^^ ^^^^ sheet-like members 2a and 2b or 

has the same hardness as them is made to abut on the end face on the welding 
startng side of an abutting part 8 of the sheet-like members 2a and 2b The 

insertion position of a pin 4 of a rotary tool 6 at starting of the fncflon ' 
sbr v/e 6mg is set so that the distance between the end faces of the 

ttf n n ^^T"""^'^ ^"t^" °" "'^ starting side and the tip part of 

than"^ hp ^hImT °' '^'"k ^"^ '""^ °" '^^ ^'^^9 side is harder 

t^h ilf 5n T""^'^ ^"'^ 2b or has the same harness as them. The 
tab sheet 30 in which a semiannular or U-shaped recess 32 whose deothis the 

l^M^^ ""^"^^ '° f"^ °" ""^ P°*'"°" «° «he abutUng part 8 of the 

from t l^T^'^ ?o^""^ '^"^^ t°o' 6 reaches L tab sheet 

from the abutting part 8 through the recess, the friction stir welding Is 
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[ 0 0 3 5 ] ^fc, i3^A^imij\^&m<DmtSiihM:6(r>^ 

y4-¥^L)kttimSti^L : SmmtZj^fTt^rV^Ji-^gpl 

oizntx. \:;y4cr,mii3,^tf^mm^ti. n^mm 

mm-^mi^t/^m^^tihm^i,zSyoxi,i. ^y'm4o 

bU^mt2a. 2bi:OiiBtc:jfi<^ri9aSrT, 
linmzi5mm^<r>?(i^j\^<r)U^im&b^j:*)^ 
J:3^^7'^4 0i:S^*2a. 2hbOMmzmL 

X. ^<r>m.mzx'm.\,z%^hzbimm.bts:h(nxib 
0 mm^mmzx, ^<oj^d^mBi:m§^itizbiz 



1 1 

[0 0 3 6] tfz. ±iic7)Miicr)1fmizi5\^x h . 

fl^2 0 . 3 0, 4 oii. ^^(,Mi*«i^-c. ^mzm 

y^'-mzx-oxmrnix. «^ft±{fT. b 
^tt&ts-^i^inimm^^^^^iix^^i. 
[ 0 0 3 7 ] -e LT . *K c7)*o& m^ismi^^stcT 

^j^'^^<^:fmtmmt^ mizwHzmm^iinh 
<7)T*D, ^^c. ^(7)Xo^zLxnt>tifzm'^mi. 

[0038] 

J: a 'SrHMWoiamt J; ■^xm<r)mmi,'Si»h tco 

mzii. ]iXTffmmmiizi,^ -^{zMiMti^^m 

X. m^<7)mmizm-:^^^xm^^j:i^. mi. 
^itwu%hh<DX'hhzbimm^ii^K^X'hi. 

t00393 ll)5SM 1 

^iS : 4mm, : 3 0 Oram, ;R$ : 5 0 0 Omm, 

^ : 6 N 0 1 -T 5</)T)V^-'^Jx'^±W^WMff) 2t5c 

\i.m.W-:3. Bm^mMWiMiznLXSl . 5 
%) , ^AX: 5 0mX5 0m<r)msL (Vi'A: SS4 
0) S-^'T'StLTfflV^T, I121CS^§^1|,SD<§^§-^ 

[0 04 0]^-:tr. Wm^^tLX\i. 1 Train, 

t^i^*^ : 3. 9min. fyfg : SnmOtcOSrffl 

I'K : 3 0 0 0 r pm. Mi^ : 5 0 Om/^tT)^ 
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1 2 

[0 04 1 ] f cote*, [iiiK?&M«i. ^ym (m) iz 
xmiifzm-^^ (m-^m izm^xit. -ecoj^^gais 

!fm±.liZii\^Xi,. «^^g?-g#!:^-5rv^ 
10 ^I^S^^ffo/ct;^,, fi7)ai5g?4${±l 9 8MP 

a, m^masixtm^x'h'o. m^ucomm-^^' 
nmmcnmmmmii^hLxi,. m-^mmi>zt5\.^x^^ 

[0042]||S|^J 2 

W$ : 1 . Snrai, W.^ : 7 2miii, : 3 0 Oirnn, |? 
«: 54 5 4-Otor;l-$^r^i.«^Jc7)2tjc^gtst:«fc 

20 tt^ttcO«^&M(DSII5WJ, 1. 3nm (ffigj; 

1^«W07 2%) . -if-YX: 5 0iiiBiX5 0iBmC0«lc:KJ-:^' 

[0043] mS,^Mt LT, WS : 1 Smm, fyg 
§ : 1 . 7mB. fyg : 4iiiinc0iOS:ffll\ EHRgf : 1 
500rpm,jljg:30 Om/ i^COS^^f^rCOTIiZti 

^mx^mm^i}^^' ymmizii^f^ta-tx oiztx.m 

30 ^#«^Mf^&fr14feL^c« 

[0044] -egoism. HHKi&ftJi, :f LTcOf^ 

3mmiiff)i^m. Bm^$i±2 3 5MPaX'h'o. 
^j:i^^^X'hizbi:mf>ti. tr^^ ii-^mti&mmz 

[0045] JtWJ 1 

^ : 4nM. Mli : 3 0 Omn, : 5 0 0 Omn, If 

W: 6N0 1 -T5cor;PS:i'>AfipajSW<:02fe5:flt 

Wi> 2. 5mm (mwmm»<r>6 2. 5%) . 1f 

-YX : 5 OmmX 5 OmutfOi^«SrSg|;^T-f-7';l^±{C 

» [0 04 6] |5HSj&:fttLTJi, MS: 1 Sum, 



1 3 

try:5§ : 3. 9nm, fyf? : 4iiim(7)i>£7)S:^v\ 
i::1500rpin, jlg:30 0 iM/^^t0jg^^#(7) 

[0047] ^(Dmm. mfe'&Mti. i^fettgw-ri. z 

10 0 4 8] i-t«« 2 

^ : 4iiim. : 3 0 Onun. : 5 0 0 0mm. 
«: 6N0 l-T5cor/l-S:;>>/>#ffiM«02&^ffi 

%) . •'f^X: 5 0i»x5 0iiiB<^«^§g|:^T, m 

mm. t°>-ftS : 2. Smni, fyg : 4miiii;0i)i7)S:fflV\ 
ElEia : ISOOrpm, 3g«:. 30 OmZ-^cr,^-^^ 

[0049] ^comsi:. mmitmi, mmizmm-t z 

[0050] HM^J 3 

W$- : 4mm. : 3 0 OmiH. : 5 0 0 Omm. 

«: 6N0l-T5<or;^5-•:>Aff^iJa^^^o2^fc^tt 

(^^mtcom-^^com-^s^Tmcommzii. 114 

$tL|.J;d{C. ^g: 2miniO¥nje«Ol!W$-fJ'3*t^ 
/t^/S : 4mm (fltg^l^S/fiipIt) . "t^fX: 5 0inmX 
5 OmmiOii^ : S S4 0 ) S:, 

'^xmpwz.mj^-^iiixoiz^ m^ttsmiz-m^i • 
nbx. ^mnbmmizf~y')i'±izm^Miibrz. 
c 0 0 5 1 ] * yt:. mm&Mt ixii. m& ■. i im^ 

t'>^S : 3. 9mni. fVg : 4iiiiK7)t«5-fl|V\ HHk 

i::1500rpm.]^:50 0 mm/^Ji-tfOS^^ft^ 

ti'hmmhmm^MziinhmmmK mmt 
[ 0 0 5 2 ] *K txni^tLt:2iiXcommi)>t:>^j:m 5 
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1 4 

^ , m-^^mmmz^j-^u tfzmm^zti^^xwi 

il. ^(OXo^j:WHxmm^lhcr)X'ii 
5(5S5fi$(il 9 8Mpa. ai¥3a^i8 1%fctt 

^T'i) 0 . m'^U(mm'79 rnmm<r>wm:i^W:X'h . 
-^mmza \ ^x . mia^ h >^^)Vir^7-m<r>xmimi^ 

'm^y4 yy-X'\tmhzbx\ m±.^,mm:^ 
10 mhthzta^^mrz. 

[0 0 53 3ifci5[M 3 

Sif : 4min. : 3 0 Obbh, : 5 0 0 0mm. *J 

«: 6N0 1 -T5c7)r;l'S-.>AffJiiM^f<7)2t5C^lK 

^*l7ffl<7)3?ga5Wi. [HIK$ (y) : bmX'h^ . R 
gPO^I: 2mm-C'3il.U^J^<7)[HlFjf^fJ0a(,^/c, :K 
4mm (ttSCWRJf fcPIt ) . -f-fX: 5 0mmX5 0 
mff^mU (fffl: SS4 0) SrrJ'yftcfc LTfflV\ ftg? 

20 mmi^z^ mA{z5p^tim<'^m:L^t:m),zi5u 

[00 54] -?-LT. HHBj&AfcLT. JBS : 1 7iiim. 

fy^i? : 3. 9mm. h'yg : 4mmC0tOSrffll<\ HIK 
ii:: ISOOrpm. jiffi: 50 0 aim/i)-<7) jg^^fr<7) 

m.LxLt^\ mtthmm<r>mffa^zmmthzb 

[005 5]||ttfi^J 4 
Sff : 3 . 2mm. I^i^ : 1 0 0mm. M:^ : 1 5 0mm. $i 
«: 54 54-0<?)r;PSn.>i,;KWO2«:S-flfc|««i: 

LTfflv^. '^ii^immmumzi5\,^xm^x . 

40 {S. ll6(C^§tl^J:3fc. (i (z) : 1 Smm. 
$ (y) : 2. 0mmO®gJfm«[g^;^,iig{t^>ilT^: 

3. 2mm {^MMmtmt) . -^-^X: 5 
OBmXSOmmcr). mUMtm^M<^TfVH~^M.Um^ 

(>^i^fm^. ^cr>im-/}<miAm^^mzM(!i]-t 
m<tx. ^mmizm^iifyx. A-^-mm 
tnmiiz. r—yiu^iizm^-^Libfc. 

[0056] -?-LT, m^MtlX. MS: 1 5min. 
y^y^^ : 3. Oram, : 4mmcr)l,c0^ffll\ |5I|g 

IS: 1500rpm. 25 Om/j^COm-^^CO 

0 TfcfcUT. m^tfSf^MfPSrHJSL. 



1 5 

[ 0 0 5 7 ] Lxnt^tifzm^mzm-t^^fWi 
[00 58] ]mm 4 

Mff : 4iMi, : 3 0 Omm. ft§ : 5 0 0 Omm. # 

Lx. ^ti^mMimmzii\\x^^'^^ 

X. r-7Vi.±fc|iig-<tLa67t. ^7t, ^ix(^m:M<n 

m^mm<r>mz\i^ its ( z > .• 2 sm, mjfg^^ 

( y ) : BiniKO:*:^ ^oymffymi^-tl, m. : 4 
m (WiMMM^b^t) , -f-fX: 5 0mX5 0iiB(?), 

?rstg-frL«6T. mtttnmiz. ^--ffu±izm&it 
libfz. tt:. mmihmtix. mn-. i7m. ty^g 

$ : 3. 9mm, f yfl : 4miiiC0t>i7)SrfflVv, ISlKSit : 1 
SOOrpm. ajK:50 Omm/i^^^S^^f^cOTtC 

Bij'^15mif3fi$'7Mmi.zmA.fzkZ^X\ mf^i^M 
fz. 

[00 59] ^(Tij^j^zLxn^tifzm^mzh-ox 

[00 60] 5 

^ : 4imi. K4@ : 3 0 Omm. : 5 0 0 Omn. M 

®: 6N0 l-T5iOr/l-5r:r>i,|iptfj^;j^£7)2t!cSrtt 
SCWt LTffllr^T, =ktlhims^\iZii\\X^%^h 

its J; 3 : 4mm. ^AX : 5 OmmX 5 OnmO, 

[006 1] m^lh^t\.X\i. WS: 1 7nim. 

: 3. 9im, t>g : 4iniiic^t,(7)SrfflV\ HHg 
ia:1500rpm. 3£S:50 Qiwssi/^<r^^fm<r> 
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-euT, iMie^&sji. 2fe£7)tt£Cft^«^LT^«?^i 

h 1 0mmg5->fc<aatCllL2./<.T\ SJgiOmMJttfS-^ 

0 . isszmamiyti ^ ^wmz 2 0 wmLti 

10 m^Liiytz. 

[ 0 0 6 2 ] A>< LTf#A,^^/^^•^^=^(c^^^-(^-^ 
tz. ^Vi'mmmmLffM^. §i3S3$§ti2ooM 

^h-^itmz. ±fz. -e^oio^g^-^WcfeftS^^S 
[0063]ifc!|!SM 5 

^ : 4mm, : 3 0 Oram. : 5 0 0 Omm, M 
S: 6N0 l-T5iOT;PS-'!7Afft±iMfl<7)2ft^et 

WMbLxm^. ^iii^m.mmnz^%^x. 

OmmX 5 Omm 

'mMfm^ff^^^mm^L^x. nimzm 

30 : 3. 9mm, eyfl : 4mm<7)'Lc7)$rfflV\ 0^ 

18::1500rpm, MS:50 0 miii/:5)-c7)Jg^^f^T 

■ox. mmhs.^mi'^LibhkMz. mz^-^m^ 

^0[1|©±, •ihM.±j)-h^xmmH^bLtz. tfz. Efi 
?&^{±, *£tWi:^'7'«<7)ii@*-/J>^'7mffliJtc2 5iimii 
A-fz&MX'^l^ik^ ^ mz^(7)m. KBSItHl 0 {CjflDte 
■<i-L*t>, «SmPJtO«^gBt'MiBJi@*»^>3mmM-5 7tfi 

mizi5\^x. mmmm^L'^^. ^ymmm& 
&w.xmm<zb^zi:io. mmmm^mmj-t 

Libtz, 

[ 0 0 6 4 ] *K ix%^tit:ni'^mznmt?>i?ym 

Sr, ^^m\'^x, mmm4mmizM*)m^i-zb:i 
^^i^mxmxt^m.LxLtw mt-tm^ 

[0065] 

i>zmmmmm-k^m\,ziims. m^mnk^m'm-^ 
0 *^Tsa5tfcv^-cM^5:®^ffiBS*>\ i^ymmmi 



1 7 

[112 ] ^mmzmmmm-^m^--^mmi 

ms] :^mizmommmm^m^zi5\,^x. m-^ 
^ti^K^z.-ocTim^mtcom^mz^ts.tiitm 
mmMco\z'y<rMm^^'mmmx'f}'i x. (a.) m 

mmmmxhi. 

(04 ] ^m^zmommm-^mco—^mmrz 
[05 ] immzmwmmi^-imziivtm^ 
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mxh 0 , ( a ) SI/!- ( b ) ti, f ix-e-ix, ^-y^t^ 
^^hfifmn<r>wj:hmm.'kni-fwmx-h i . 

im7]:^mizmmmm^ijfm<^mizmmi: 
^i^mmwrnt ix^txmMmmx';^^ . 
[118] :^wmzm^mmmim-^im^zj: off 4>^i/c 

i^tmvmmmx'ib s . 

[^?-^<7)iJiHB] 
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1 0 
20 
32 



^^^^ 
30, 40 



in 
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[04] 

[06] 
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